Abstract. In order to characterize the environment where plant species have better adaptation, one way is to associate species abundance and distribution with environmental parameters. To do this, we worked in a tropical forest fragment, with point-quarter sampling. The sampling points were parameterized by topographic, hydrographic and soil components, using slope, aspect, distance and water body altitude differences, and fertility and grain size parameters. With canonical correlation analysis and principal component we could detect preferences of some species for water supply, which in turn correlates with some grain size and fertility parameters. The environmental variation related to species abundance and distribution allowed the indication, especially associated with water characteristics, of species for ecological restoration.
Introduction
In order to become effective within the ecological precepts, ecological restoration and recovery of degraded areas are issues that require scientific and technological investment. Exploitation of natural resources, agricultural and industrial production and the urban population, with their environmental liabilities, cause impacts that require a task force for reconstruction of natural environments.
There is research about ecological restoration experiencing methodologies with successional processes, phytosociology, and seed rain, among others (Durigan and Almeida, 2004) . However, the use of a restricted floristic diversity base, without considering ecophysiological information, is usual.
A phytosociological inventory was performed through the Point-centred Quarter Method (Cottam and Curtis, 1956 ). Three transects were drawn (Fig. 1) , the first near the watercourse, with 38 points, the second in an intermediate section, with 15 points, and the last transect is farthest from the stream bed, with 18 points.
In the first transect (points 0 to 37), flooded areas prevail near the stream that runs through a part of this transect. The second transect (points 38 to 52) has a forest with lianas, and the third transect (points 53 to 71) is the most remote area of the creek and with higher altitude terrain.
Points were marked at a distance of 10 m, and in each quadrant the nearest tree to the point was selected, measuring the diameter at breast height (DBH), total height using a digital hypsometer and the distance between the point and the tree. All trees with DBH ≥ 5 cm were considered by collecting botanical material for identification at the Herbarium PAMG of the Agricultural Research Company of Minas Gerais (Epamig) and support of the virtual herbarium Tropicos.org (2016), The Field Museum (2016) and The New York Botanical Garden (2007) .
The fertile materials were herborized and included in the collection of the PAMG Herbarium /Epamig. The scientific names and phylogenetic relationships follow the APG III classification system (Souza and Lorenzi, 2012) , and the confirmation of the scientific names and botanical synonymies were based on the Flora do Brasil 2020 (2016) .
The phytosociological parameters of density, dominance, frequency and importance value (IV) were obtained for each species. Environment variables were analyzed with the most abundant species.
Soil samples were collected at points 1, 9, 19, 28, 39, 43, 47, 51, 56, 60, 65 and 68 . We evaluated the following parameters: fertility (Lopes and Guilherme, 2004), particle density, particle size, macro and micro-porosity. With the aid of volumetric rings, thirty-six undisturbed samples were taken at three depths 0-10, 10-20, 20-30 cm and, separately, thirty-six deformed soil samples were collected.
The TanDEM-X derived DEM digital elevation model was used (Viana et al., 2015) , with a spatial resolution of 12.5 x 12.5 m. Aspect and slope in degrees were calculated, and the distance of the water body and the difference in altitude between the point and the water body were generated with the help of a GIS (Geographic Information System). The information per point was extracted at the intersection of layers with these data and the quadrant points. The aspect was ranked in faces: North, Northeast, East, Southeast, South, Southwest, West and Northwest, by the framework of the original angles in classes defined by 22.5º angles. Thus angles that are in classes 0-22.5º and 337.5º-0 were classified as North face, or 0º. Angles 22.5º to 67.5º were classified as Northeast face, or 45º, and so on.
To explore the relationship among the physical medium parameters, we analyzed the correlation between the hydrography, topography, granulometry and soil fertility parameters considering the 12 points and the three soil depths sampling.
Finally, canonical correlation (CCA) multivariate analysis was applied to soil data, correlating with topographic and hydrographic attributes, and analysis of principal components (PCA) was applied to topographic, hydrographic and dendrometric attributes for more abundant species.
Results and Discussion

Structure of arboreal community
Two hundred thirty-five individuals belonging to 27 families, 47 genera and 65 species were inventoried. Nine species had only the genus defined and 8 species were not determined, remaining as morpho-species (Tables 1 and 2 ).
The largest families were Fabaceae with 6 species, Euphorbiaceae, Rubiaceae and Vochysiaceae with 5 species each, Lauraceae and Meliaceae, with 4 species each, and Annonaceae, Apocynaceae, Bignoniaceae and Cannabaceae with 2 species each. The other 14 families were of single-species. The most diverse families are among the 30 most diverse families of Minas Gerais, according to Oliveira Filho et al. (2008a) . In general they are also quite representative families regarding number of species in the seasonal forests of Triângulo Mineiro (Araújo et , Casearia decandra (Marquete, 2016) , Celtis pubescens (Santos, 2014) , Eugenia florida (Sobral, 2014) , Galipea jasminiflora (Pirani, 2011a) , Guatteria ferruginea , Jacaranda macrantha (Lohmann, 2015) , Metrodorea stipularis (Pirani, 2011b) , Mollinedia widgrenii (Peixoto, 2014) , Ocotea velutina (Quinet, 2014) , Platycyamus regnelli (Moura, 2016) , Psychotria carthagenensis (Zappi, 2014), Qualea dichotoma (Souza, 2014) and Trichilia claussenii (Stefano, 2012) , and occur mainly in phytogeographical areas of the Atlantic Forest and Cerrado. Table 2 shows the horizontal phytosociological parameters for the inventoried species. Among the 46 species identified, 35 are suitable for reforestation, restoration and consolidation of degraded areas, because they present rapid growth, are pioneering or produce fruits eaten by animals (Lorenzi, 2008; 2009a; 2009b) . 
Species with higher IV
The species with the highest importance values (IV) ( Meira-Neto and Martins (2002), inventorying a fragment from natural regeneration, about 60 years old in the municipality of Viçosa, Zona da Mata, Minas Gerais, in an Atlantic Forest area, with Aw climate, did not obtain registration of any of the species with the highest abundance in this present survey.
In surveys of shrubby tree flora, even in similar environments, there are low floristic similarities, indicating that there are other large-scale conditionings interfering with the distribution of the species.
Regarding some features of the most expressive species, I. brevifolia is considered late secondary, and exclusive to semi-deciduous forest of altitude, occurring mainly in well-drained and medium fertility terrain (Prado Júnior et al., 2012).
S. commersoniana is classified as a pioneer species, deciduous with autochoric dispersion (Cappelatti and Schmitt, 2009 ) and occurs almost exclusively in humid areas, in riparian forests and flooded forests (Barddal et al., 2004; Kanieski, 2013) . It is usually found in groups, reaching pure populations, developing in fields and on the border of clumps; it is rare within dense primary forest (Lorenzi, 2008) Regarding soil conditions, S. commersoniana occurred mostly in neosoils (Botrel et al., 2002) , indicating a preference for soils with higher sand content (Kolb et al., 1998) . According to Callegaro (2012) , the presence of this species may be related to the secondary stage of forest succession, being an indicator species of this stage in a mixed broadleaf forest stretch, classifying it as a pioneer species (Longhi-Santos, 2013).
G. jasminiflora is an early secondary species (Oliveira Filho et al., 2008d), endemic to Brazil, which occurs in phytogeographical areas of Cerrado and Atlantic Forest, in the vegetation of semideciduous forest (Pirani, 2011a (Lorenzi, 2008) . M. stipularis can be found in the phytogeographic areas of Cerrado and Atlantic Forest in the vegetation of semideciduous forest (Pirani, 2011b) .
A. glandulosa is a pioneer species (Oliveira Filho et al., 2008d) , which may appear in swamps, but occurs mainly in areas with temporary waterlogging, such as ciliary or riparian and gallery forests, and even drier forests, where waterlogged soil never occurs. It can be found in Cerrado (lato sensu) vegetation, riparian or gallery forest, rain forest and restinga (sandbank vegetation) (Paula-Souza, 2014).
C. langsdorffii is a pioneer species (Oliveira Filho et al., 2008e), characteristic of Cerrado transition to broadleaf semideciduous forest formations, occurring in secondary formations and in dense primary forests (Lorenzi, 2008) . According to Oliveira Filho and Ratter (2001), C. langsdorffii is a habitat generalist, and, in general, is dominant in the face of most of the remaining forests in the Central South of the state of Minas Gerais.
Relationship of species and the environment
The correlations between the physical medium parameters, hydrography, topography ("Appendix Table 1 "), granulometry and soil fertility parameters ("Appendix Tables 2 and 3") are in "Appendix Tables 4, 5 and 6" considering the 12 points and the three soil sampling depths. Via quantification of sand, silt and clay levels, the soil textural classes ranged from franco silty-clayey to silty-clayey. The relief is predominantly wavy, especially the aspect to the southwest.
Twenty-nine significant correlations greater than or equal to 0.70 in the 0 -10 cm layer, 62 correlations in the 10 to 20 cm layer, and 46 at 20 in the 30 cm layer were found. The smaller amount of correlations in the topsoil may be due to the contribution of nutrient cycling by litter deposition, which is the layer least dependent on the source material.
In the canonical correlation between fertility and particle size parameters (Fig.  2) , we found positive associations among fine sand, micro-pores, particle density and silt levels with Mg, Ca, SB, V, Zn, Fe, Mn, Cu, and P. In the opposite direction, there are positive associations among coarse sand, clay and macro-pores with H + Al, K, Al, and Aluminum Saturation. The pH, CEC and organic matter did not show associations with other parameters, both in magnitude and in direction. In the canonical correlation among particle size, relief and hydrographic parameters in Fig. 3 , it is observed that the difference in altitude and the distance from the water body are positively correlated, and validate the negative correlation with runoff. It was found that, with increasing distance from the stream, the clay content and the amount of macro-pores increase, hence silt, sand and micro-pore content reduce.
Thus, a negative correlation between micro-pores and clay occurred. We expected the opposite effect, increasing the amount of micro-pores and reducing macro-pores with stream clearance and increase in clay content, since the function of the macropores is to facilitate aeration and water infiltration into the soil, and the function of micro-pores is retaining water. The aspect and slope were not associated with the soil particle size.
In the relationship of species of higher IV to physical parameters by principal components (Fig. 4) , related to altitude difference and distance from the water body, runoff, aspect, slope and dendrometric parameters (height and sectional area), we found two species. They showed greater preference for river proximity: Alchornea glandulosa (1) and Gymnanthes klotzschiana (39) , with few individuals of species 39 away from the stream, showing tolerance to well-drained sites. In addition to these species, some Ixora brevifolia (21) and Galipea jasminiflora individuals (17) occurred in areas with increased runoff and nearby water, which shows tolerance of these species to poorly drained environments.
An uncontrolling source interfering in the distribution of species is seed dispersal, which may be adding a contribution to the aggregation of individuals, inherent in a larger-scale approach, it not being possible to isolate this effect. Alchornea glandulosa and Ixora brevifolia have zoochory mainly by avifauna (Pascotto, 2006 ; Prado Júnior et al., 2012), with less chance of this effect, but Gymnanthes klotzschiana, Galipea jasminiflora and Metrodorea stipularis have autochoric dispersion (Cosmo et al., 2010; Piedade, 1991) , with a greater chance of aggregation in the plant community.
The size of the trees did not show a strong negative correlation with increasing steepness, and no significant negative correlation with the faces turned mainly to the north, but the direction of the vectors showed this trend. The tallest species and with more sectional area were Ixora brevifolia and Metrodorea stipularis.
A feature of the analyzed environment is its face, mainly on the southwest. The species with greater abundance also occurred on the southeast and south faces, but with greater overlap on the southwest face, indicating that they prefer less exposure to sunlight throughout the year.
The difference in altitude and distance from the water body indicated the species Alchornea glandulosa and Sebastiania commersoniana as having lower dispersion, being closer to the water body and at different altitudes. The species with greater occurrence and farther from the water body was Metrodorea stipularis.
Interestingly, Alchornea glandulosa had the lowest amount of runoff, indicating it does tolerat places with greater drainage and/or tendency to waterlog, contrary to information found in the literature. An assumption for this may be in the 12.5 x 12.5 m resolution of the digital elevation model, and the distance of trees to the quadrant point, selecting cells (pixels) with lower runoff adjacent to the cells containing the tree position in the ground.
In preference in relation to the slope, the species that occupied sites with greater steepness was Achornea glandulosa, and among the other species, there were no large variations as to slope preference. http://www.aloki.hu • Continuing with we discuss relationships between particle size parameters associated to topography and water features and also identify relationships between fertility parameters and particle size parameters.
For Alchornea glandulosa and Gymnanthes klotzschiana species, which prefer the shortest distance from the stream and less difference in altitude, we can expect small differences in clay, silt and sand content, reducing the percentage of clay and increasing silt and sand. In these environments, particle densities and micro-porosity will be greater, following the trends in figure 3 . Continuing the correlations, for fertility, Al contents are lower, and Ca, Mg, P, SB, V, Cu, Zn, Fe and Mn contents are higher, although all Fe and Mn levels in the samples are above the need of the plants.
In all samples, the micro and macro-porosity are high, but not enough to retain water by surface tension forces, and particle density indicates higher organic matter content. Acidity is low, the Ca content is high, the Mg content is moderate and the P content is low. Zn and Cu have high values and base saturation is high. After the analysis, it follows that for degraded environments with similar topographical, hydrological and soil conditions, colonization would start by including these major species, all of them initial secondary, except Alchornea, which is pioneer. That is, all have requirements to start the ecological succession, theoretically heliophytic species in their early development. Achornea and Gymnanthes could be planted closer to the stream, Galipea and Ixora could mainly occupy the middle range, and Metrodorea would be planted farther from the stream, based on the analyses presented.
Conclusion
Ecological restoration processes and recovery of degraded areas go through issues such as indication of native species, which require well-founded forest inventories, within the floristic, phytosociology, ecophysiology, and even faunal relationships.
The results in this study demonstrate a relationship between biotic and abiotic factors of the area, and confirm the influence of the stream that flows through the fragment on the vegetation, determining species occurrence and distribution. To validate the indication of species to compose ecological restoration proposed in this work, an assay with long-term monitoring is necessary. 
